
Joint AP & Detector WG  

•! V.Ptitsyn, BNL,  eRHIC and MEeIC parameters and layouts 

•! Y.Hao, BNL,  Beam-beam interactions in MEeIC 

•! J.Beebe-Wang,BNL, Beam Induced Detector Background 

•! C.Montag, BNL, Synchrotron Radiation Fans 

•! Y.Zhang,  ELIC designs (including staging) and its merging with 
the detector 

•! M. Savastio, Polarized PDFs at EIC 

•! R.Ent, Magnetic Field Configurations  

Legend: 
 Talks to be covered by me 
 Talks to be covered by Elke 
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ERL-based eRHIC Design 

!! 10 GeV electron design energy.!

     Possible upgrade to 20 GeV by!

     doubling main linac length.!

!! 5 recirculation passes ( 4 of them 

in the RHIC tunnel) !

!!Multiple electron-hadron 

interaction points (IPs) and 

detectors;!

!! Full polarization transparency at 

all energies for the electron 

beam; 

!!Ability to take full advantage of 

transverse cooling of the hadron 

beams; 

!! Possible options to include 

polarized positrons: compact 

storage ring; compton 

backscattered; undulator-based. 

Though at lower luminosity.  

Four recirculation 

passes 

PHENIX 

STAR 

e-ion detector 

eRHIC 

Main ERL 

 (1.9 GeV)  

Low energy  

recirculation pass 

Beam  

dump 

Electron 

source 

Possible locations 

for additional e-ion  

detectors 

V.Ptitsyn 

Details were presented yesterday by T.Roser 



Other design options 

Under consideration also: 

!!Medium Energy EIC at RHIC (MEeIC)  

   Electron energy up to 2-4 GeV. Acceleration done by an 

ERL linac placed  in the RHIC tunnel. It can serve as first 

stage for following higher    electron energy machine. 

Luminosity ~ 1032 cm-2s-1  (without cooling) 

!!High energy (up to 20-30 GeV) ERL-based design with all 

accelerating    linacs and recirculation passes placed in the 

RHIC tunnel.  

Considerable cost saving design solution. 

Luminosity exceeds 1033 cm-2s-1    

!!Ring-ring design option. 

    Backup design solution which uses electron storage ring.  

    See eRHIC ZDR for more details. 

    The average luminosity is at 1032 cm-2s-1 level limited by 

beam-beam effects. 

eSTAR 

ePHENIX 

ERLs 

e 

p 

e 

V.Ptitsyn 

Details, today in afternoon – V. Litvinenko, Staging of eRHIC 



Polarized 

Electron  

Source 

10 MeV 

Linac 
Beam 

Dump 

80 MeV 

ERL 

Main ERLs; 6 cryostats x 6 cavities x 18.1 Mev/cav = 0.652 MeV per linac 

DX DX 

4 GeV pass 90 MeV pass 

3 recirculating passes: 

0.74,  2.05,  3.35 GeV 
2 recirculating passes: 

1.39 and 2.70 GeV 

D0, Q1,Q2,Q3 

MEeIC Layout 
Recirculating pass energies are shown for 4 GeV top energy 

V.Ptitsyn 

Details, today in afternoon – V. Litvinenko, Staging of eRHIC 



not cooled pre-cooled high energy cooling 

p e p e p e 

Energy, GeV 250 4 250 4 250 4 

Number of bunches 111 111 111 

Bunch intensity, 1011 2.0 0.31 2.0 0.31 2.0 0.31 

Bunch charge, nC 32 5 32 5 32 5 

Normalized emittance, 1e-6 

m, 95% for p / rms for e 
15 73 6 29 1.5 7.3 

rms emittance, nm 9.4 9.4 3.8 3.8 0.94 0.94 

beta*, cm 50 50 50 50 50 50 

rms bunch length, cm 20 0.2 20 0.2 5 0.2 

beam-beam for p /disruption 

for e 
1.5e-3 3.1 3.8e-3 7.7 0.015 7.7 

Peak Luminosity, 1e32,      

cm-2s-1 0.93 2.3 9.3 

*++$%&5'4'F!.!40&J-4&!?5&7-99101-(0&

Details, today in afternoon – V. Litvinenko, Staging of eRHIC 
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Details, today in afternoon – V. Litvinenko, Staging of eRHIC 
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Science Driven Accelerator Design  
•! High Energy EIC    (CM energy: 20 ~ 100 GeV) 

!! First in discussion, endorsed by NSAC LRP 

!! Colliding beam energies: 30 to 250 GeV/u ions x 3 to 10 GeV electrons 

!! Explore the new QCD frontier: strong color fields in nuclei 

!! Precisely image the sea-quarks and gluons in the nucleon 

•! Ultra High Energy EIC   (CM energy: 115 ~ 160 GeV) 
!! Colliding beam energies: 325 GeV/u ions x 10 to 20 GeV electrons 

!!  There are science cases calling even high energy 

•! Low to Medium Energy EIC   (CM Energy: 8 ~ 20 GeV) 
!! Colliding beam energies: up to 15 GeV/u ions x up to 10 GeV electrons 

!! Gluons via J/! production  

!! Higher CM in valence region 

!! Study the asymmetric sea for x"m!/MN 

With expansion of ELIC storage rings from to 1.5 km to ~2.5 km, we 
are able to extend beam energies up to 250 GeV for protons, 100 
GeV/u for ions respectively (superconducting magnet capability) and 
up to 10 GeV for electrons (within synchrotron radiation power limit)  

Yuhong Zhang Details, today in afternoon – G.Kraft, Staging of ELIC 



ELIC New Nominal Parameters 
Beam energy! GeV! 250/10! 150/7! 100/5!

Figure-8 ring! km! 2.5!

Collision frequency! MHz! 499!

Beam current! A! 0.22/0.55! 0.15/0.33! 0.19 /0.38!

Particles/bunch! 109! 2.7/6.9! 1.9/4.1! 2.4/4.8!

Energy spread! 10-4! 3/3!

Bunch length, rms mm! 5/5!

Horizontal emit., norm.! µm 0.7/51! 0.42/35.6! 0.28/25.5!

Vertical emit., norm.! µm! 0.03/2.0! 0.017/1.42! 0.028/2.6!

Beta*! mm! 5/5!

Vert. b-b tune-shift! 0.01/0.1!

Peak lumi. per IP! 1034 cm-2s-1! 2.9! 1.2! 1.1!

Luminosity lifetime! hours! 24!

•! These parameters are derived assuming a 6 m detector space, 27 

mrad crab crossing angle, 10 to 14 sigma radius for aperture, 10 kW/

m synchrotron radiation power density limit 

•! Collision frequency has been reduced to 499 MHz as suggested by 

EICC Steering Committee 

Yuhong Zhang Details, today in afternoon – G.Kraft, Staging of ELIC 



ELIC at Ultra High Energy 

Beam energy! GeV! 325/10! 325/20!

Figure-8 ring! km! 2.5!

Collision freq! MHz! 499!

Beam current! A! 0.22/0.71! 0.44/0.1!

Particles/bunch! 109! 2.8/8.9! 5.4/1.3!

Energy spread! 10-4! 3/3!

Bunch length, rms mm! 5/5!

Horizontal emit., norm.! µm 0.9/50.9! 0.9/102!

Vertical emit., norm.! µm! 0.036/2.0! 0.036/4.1!

Beta*! mm! 5/5!

Vert. beam-beam tune-shift! 0.01/0.1! 0.0014/0.1!

Peak lumi. per IP! 1034 cm-2s-1! 3.7! 1.0!

•! As a potential future upgrade option, ELIC rings can accommodate proton 

beam with energy up to 325 GeV, electron beam with energy up to 20 GeV.  

•! Electron current is severely limited by synchrotron radiation power, it must 

be reduced to 0.1 A at 20 GeV, however, luminosity is still at a level above 

1034 cm-2s-1 

Details, today in afternoon – G.Kraft, Staging of ELIC 



MEIC and Staging of ELIC 

•! Low Energy Collider (stage 1)  

–! Both e and p in a compact ring (320 m) 

•! Medium Collider (stage 2)    

–! Large warm ion ring (1400 m)/Compact superconducting ion 

ring (320 m) 

–! Large electron ring (1400 m)   

•! High Energy Collider (stage 3) (Full ELIC) 

Coherent picture 
•! Energy range (physics domain) 

•! Project Staging (energy boost) 

•! simultaneous operation 

•! Technology staging 

•! Product/cost optimization 

(see G. Krafft’s talk) 

Ion 

Sources 
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p e 
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collider 

ring 

p 
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Electron 

injector 
12 GeV CEBAF 

e 

p 
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Discussions lasted till 6:15  pm… 

•! There was a suggestion that there should be 
cost estimates attached to various options 

•! Attention was brought that with realistic 
cost estimates, the luminosity can be limited 
by power of synchrotron radiation, which 
would require additional RF system capacity 
with installation cost of hundred(s) of 
millions of dollars and running cost of ten(s) 
of millions of dollars ,,,,, 
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Beam Induced Detector Background

Talk by Joanne Beebe-Wang 

2

1) Beam particles-residual gas interaction

 a)  Coulomb scattering 

 b)  Bermsstrahlung 

2) Synchrotron radiation

 a) direct radiation generated in upstream magnets 

 b) backward scattering from down stream components 

 c) forward from mask tip and upstream vacuum chamber

3) Touschek Scattering

 only important for low energy colliders 

4)  Thermal Photon Compton Scattering

 only important for very high energy colliders

5) Beam-beam interaction

 (Yue Hao’s simulation)
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Questions get first answers

Impacts on backgrounds in detector

 Synchrotron radiation

power and critical energy?

impact on vacuum

beam pipe material and shape

detector acceptance

how fast can e and p/A be separated

Higher order modes

do we have HOMs 

beam pipe heating ! vacuum and beam pipe material
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Two directions of synchrotron radiation in the eRHIC IR: 

Forward (direction of the electrons) generated by 10GeV 

electrons bent through a 0.2 Tesla detector integrated dipole 

magnet located 1m (from the magnet center to IP) upstream. 

backward (opposite direction of the electrons) caused by the 

secondary radiation of the absorber located 7.2m downstream, 

In the current design, the 

fraction of the forward 

radiation fan hitting the 

absorber is 20% and 27%, 

generated in the magnets 

located 1m (from the magnet 

center to IP) upstream and 

downstream of the detector, 

Number of Dipole Magnets at IP 2

Magnetic Field 0.2 Tesla

Magnet Effective Length L 1.0 m

Electron Beam Current 0.5 A

Electron Relativistic Factor ! 1.96E+04

Synchrotron Radiation Power P
0 5.08 kW

Critical Photon Energy E
0 13.3 keV
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Spectrum Upstream of Magnets

5

The photon spectrum of forward 

synchrotron radiation:

P0 = synchrotron radiation power 

! = electron relativistic factor     

 (Ee
total/E

e
rest)

EC = the critical photon energy

S-function defined as:
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 The Absorber design is 

based on the high 

power synchrotron 

radiation absorber of 

HERA.

 The Absorber design is 

based on the high 

power synchrotron 

radiation absorber of 

HERA.

15 cmDiameter of Detector Opening

???Material of the Detector Surface

15 cmDiameter of Vacuum Chamber

Stainless SteelMaterial of Vacuum Chamber

6.2 mDownstream Magnet from Absorber

8.2 mUpstream Magnet from Absorber

7.2 m Interaction Point from Absorber

60 mradSurface tilt angle of the V-opening

25 cmAbsorber V-opening Depth

3 cmAbsorber V-opening Height

1 cmAbsorber V-opening Width

CopperMaterial of V-shaped Absorber
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Backward Radiation into IR

7

Total Backward 

Radiation Level:

[photons/sec]

P25cm = 1.2e16

P10cm = 7.0e16

P10cm / P25cm = 6

! Need to think about absorber 

   material and coating

! Diffuse radition from beam-pipe
! material and roughness
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Questions get first answers
VACUUM

What is the estimated vacuum in the IP? 

 How was it estimated?

Where are pumping stations foreseen? 

 How much pumping will be at those stations? 

 What kind of pumps?

What is the estimated vacuum in the beam line sections 

approaching the IP with small or zero relative angle? 

 How long are these "approaching” sections?

What is the profile/size of the beam pipes in the IP and 

approaching sections? 

 What is the expected variation of vacuum along the approaching 

sections?

8
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Questions get first answers
VACUUM

What is the conductance from the IP to the closest pumping 

stations? 

In the IP and approaching beam pipe, which pieces will bear 

the synch light load? 

 What material/surface processing will they have? 

 What will be the conductance away from these pieces to the 

closest pumps?

What are the chief residual gas components which are 

expected?

high occupancy due to beam gas events

 fine segmentation ! detector cost

 pumps in IR ! acceptance

What kind of bake-out procedures are planned?

Are any collimators foreseen in the IP or approaching sections? 

Where will the beam aperture limits closest to the IP be? 9
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What was seen at HERA
Pressure during Lumi Fill

10
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What was seen at HERA
Pressure development

11
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What was seen at HERA
proton beam gas background

12
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(Input from vacuum expert Dick Hseuh, BNL)

1) Pressure=1x10-9 mbar (electron lifetime > 30 hours)
    (with special effort, it may reach 1x10-10 mbar, but one can’t count on it.)

2) Inside of the detector 50% H2 , 50% CO (including 

 H2O etc.)

   (Could reach 80% H2, 20% CO in the vacuum chamber away from detector.

     But it is hard to reduce CO in detector due to particle hitting the surface)

3) Photon desorption rate (C+O=CO per photon hit):

   10-3 to 10-2 for a virgin material, surface dominated

   10-5 after surface becomes clean, reaches equilibrium

4) The pumping speed of the lumped pumps (>>102 L/s)  
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Pipe Length vs Radius

Conductance of pipe for 

CO:

C=12r3/L [Litters/sec]

STAR:

L=4m, r=3.5cm

C=1.3 [Litters/sec]

PHENIX:

L=3m, r=3.5cm

C=1.7 [Litters/sec]

14
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Michael Savastio: DIS Kinematics

15

p+e-

e- Average

Scattering Regions
100<Q2<1000

1000<Q2<104    

p+e-

100<Q2<1000

(12GeV)

10:250 GeV

4:250 GeV

0.1<Q2<10

10<Q2<100

(4GeV)

(5GeV)

(15GeV)

    

(80GeV)

0.1<Q2<10 (9GeV)

10<Q2<100 (9GeV)

1000<Q2<10^4 (42GeV)
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Hadron Kinematics

16

High

Q2

p+

! Pions scatter to greater theta at s=10000
! Mean pion scattering angle of about 400 for 1000<Q2<10000
! Scattered pion energy similar at s=4000 and s=10000
! K+ scattering angles indistinguishable from Pi+ angles
! Kaon E only slightly greater than for pions (~1GeV)
! Will need pion/kaon particle ID in proton direction

! Pions/Kaons mostly covered in 0<theta<500
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First Attempt of a Detector Design
by Tanja Horn, Rolf Ent and Richard Milner

 Magnetic Field configration

! Solenoid is “easy” field, but not much field at small scattering angles

! Toroid would give better field at small (~5 degrees) angles with an asymmetric 

acceptance

! Improves acceptance for positive hadrons (outbending)

! Improves detection of high Q2 electrons (inbending)

17
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Simulation of Resolutions

18

Multiple scattering contribution:

 

Intrinsic contribution (first term):

•  B=central field (T)

•  !r"=position resolution (m)

•  L’=length of transverse path 
through field (m)

•  N=number of measurements

•  z = charge of particle

•  L = total track length through 
detector (m)

•  #= angle of incidence w.r.t. 
normal of detector plane

•  nr.l. = number of radiation 

lengths in detector

msc

intr

Assumptions: 
•  circular detectors around interaction point

•  nr.l. = 0.03 (from Hall D CDC)

• all simulations done for pions !!!
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dp/p angular dependence

Can improve resolution at forward angles by offsetting IP

p = 50 GeV p = 5 GeV
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Multiple scattering contribution

p = 50 GeV p = 5 GeV

Multiple scattering contribution dominant at small angles 

(due to BT term in denominator) and small momenta
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“Easier” Solenoid Field – 2T vs. 4T?

• Intrinsic contribution ~ 1/B
• Multiple scattering contribution ~ 1/B

p = 50 GeV p = 5 GeV

B=2T

B=4T
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Include dipole field

p = 50 GeV p = 5 GeV

As expected, substantially improves resolutions at small angles
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Emerging Detector Cartoon

23

solenoid

dipole

PbWO4 

ECAL

RICH

HCAL

HCAL

8 meters (for scale)

TOF

Tracking

140 degrees

Offset IP

p+ e-
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Emerging Detector Cartoon

23

solenoid

dipole

PbWO4 

ECAL

RICH

HCAL

HCAL

8 meters (for scale)

TOF

Tracking

140 degrees

Offset IP

Issues: 

1) need add’l Particle Id. (RICH/DIRC) for large angle !/K/p?

2) possible conflict with charm measurements that require low central 

field? ! momentum resolution

3)  need ECal in p direction ! DVCS and !0-detection

4)  are HCal’s needed et all ! TRD

5)  do we need muon detection?

6) IP has not enough space to allow maintenance in situ

Needed:

1) resolution and angular resolution requirements for different 

reactions

2) needed angular coverage for scattered lepton and hadrons

p+ e-
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Additional Slides
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Questions which need answers
General Questions:

Luminosity:

 HERA ep: 2-5 1031 cm-1 s-1

 Hermes: 

polarised: 3.5 – 5 1031 cm2/s

unpolarised: 3 1032 - 3 1033 cm2/s

 COMPASS:

 polarised: 4 1032 cm2/s

For a stage option how much of the detector can be reused for 

final stage

25
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Questions which need answers

General questions solutions dependent on EIC machine option

very small angle lepton detectors

 integration in machine lattice; technology?

very small angle proton / nucleus detectors for 

  diffractive / exclusive physics

 integration in machine lattice; technology

 luminosity measurement 

ep: 1% systematic         eA: ???

 integrate in beam lattice ! background, acceptance

 lepton and proton polarisation measurements

    ep: 1% systematic

lepton: integration in machine lattice ! background

proton: impact on proton beam ! emittance

         technology ?????
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How should the detector look like

Especially for ELIC design
 design of L1-trigger for 1.5GHz repetition rate

all detectors have to be extremely fast

 conventional wire chambers excluded

 Cerenkov to trigger on scattered electron – maybe

 proton & lepton forward detectors can they work???

lepton and hadron polarimeters
 how can we measure bunch polarizations @ 1.5GHz

 need to sort out polarization bunch pattern
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What can we learn from HERA
IR design considerations

28
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What can we learn from HERA
IR design considerations ! first magnets Hera I

29
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What can we learn from HERA

29

IR design considerations ! first magnets Hera II
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What can we learn from HERA
Background Sources

30
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What can we learn from HERA
Background HERA II

31
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What can we learn from HERA
Vacuum system

32
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How should the detector look like

General requirements independent of EIC machine option

cover a wide range in Q2 ! detect scattered lepton

 ep and eA need good lepton-hadron separation

needed over a wide momentum range
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Important Items not yet covered

Magnetic field configuration

momentum / angular resolution:                     

 ep: 1% !p/p / ??     eA: ?? / ??

could a dipol – solenoid option be used to do

 separate e & p(A) beams

 could it be used as a analyzer for exclusive/diffractive 

   recoil particles

 impact on ELIC design

crab crossing angle

Vertex tracker

resolution:

 ep: 25µm (?)          eA: ?


